Summary Four species of Japanese Scleria were used for karyomorphological studies. Chromosome numbers of S. mikawana (2nϭ20) and S. levis (2nϭ48) were determined for the first time. Our finding of 2nϭ30 for S. parvula and 2nϭ48 for S. terrestris differs from those of previous studies. Two major groups were identified in the genus Scleria by karyomorphological data: (1) low chromosome numbers and xϭ5, (2) high chromosome numbers (2nϭ48). These karyomorphological data support the taxonomical treatment of 2 sections by Ohwi (1944) . The high chromosome numbers may arise by polyploidy of low chromosome numbers because chromosome sizes were almost equal in both. Therefore, chromosomal evolution in the genus Scleria may be caused by polyploidy, rather than aneuploidy.
Genus Scleria Bergius is distributed mainly in tropical and warm-temperate regions, and includes about 200-250 species (Tucker 1987 , Goetghebeur 1998 , Reznicek et al. 2002 . In Japanese Scleria, Ohwi (1944) recognized 7 species and 2 varieties, and classified into 2 sections (Elatae and Tessellatae). Koyama (1961) reported 11 species and 1 forma in Asian Scleria, of which 8 species and 1 forma are distributed in Japan.
The chromosome numbers of the genus Scleria have been reported by Tanaka (1941) , Patnaik and Rath (1983) , and Nijalingappa and Leela Bai (1990) . Tanaka (1941) reported 2nϭ28 for S. parvula (as S. tessellata), while Patnaik and Rath (1983) reported 2nϭ112 for S. terrestris. Nijalingappa and Leela Bai (1990) obtained the chromosome numbers of 2nϭ10 for S. pergracilis, 2nϭ20 for S. foliosa, and 2nϭ100 for S. lithosperma. However, there have been only 3 reports on cytological studies of genus Scleria. Accurate karyomorphological studies of the genus Scleria would contribute significantly to clarify relationships of the chromosome and taxonomical treatment in this genus. The purpose of this paper is to report the chromosome numbers and karyotypes of four species in the Japanese Scleria, and to discuss their relationships and chromosomal evolution.
Materials and methods
Karyomorphological observations were conducted on 4 species of Japanese Scleria. Voucher specimens and localities of the materials are listed in Table 1 . Somatic chromosomes were observed in the meristematic cells of root tips. The root tips were pretreated in 2 mM 8-hydroxyquinoline solution for 1 h at 23°C and then 15 h at 4°C. They were then fixed in a solution of acetic acid and ethylalcohol (1 : 3) for at least 16 h at Ϫ20°C or for 1.5 h at 23°C, stained using Feulgen's nuclear reaction, macerated in a mixture of 2% pectinase and 2% cellulase for 1 h at 37°C, restained in a so-The chromosome numbers determined in this study are shown in Table 1 . The chromosomes of the genus Scleria are thought to be polycentric, because primary constriction was not observed in any species. Chromosome numbers of 2nϭ20 for S. mikawana and 2nϭ48 for S. levis, were determined for the first time in this study ( Fig. 1) . New chromosome numbers were observed in 2 species, 2nϭ30 for S. parvula and 2nϭ48 for S. terrestris (Fig. 1, Table 1 ).
The genus Scleria can be classified into the following two major groups based on the karyotype analysis. The first group has low chromosome numbers, including species with 2nϭ20 and 30, and has a basic chromosome number xϭ5. Somatic chromosomes of these species range from 1.1 mm to 1.6 mm in length (Fig. 1A, B) . The second group has high chromosome numbers, including species with 2nϭ48, and their somatic chromosomes range from 0.7 to 1.3 mm in length (Fig.  1C, D) . Discussion Tanaka (1941) reported that Scleria parvula from Nagano Prefecture has 2nϭ28, while our results showed 2nϭ30 for S. parvula from Okayama Prefecture ( Table 1 ). The 2nϭ30 of S. parvula may be an intraspecific aneuploid, which is thought to be common in Cyperaceae plants with diffuse centromeric chromosomes. Patnaik and Rath (1983) reported S. terrestris has 2nϭ112, while our results showed 2nϭ48 for S. terrestris from Okinawa Prefecture in Japan (Table 1) . We observed a lower chromosome number in Japanese S. terrestris than the number reported by Patnaik and Rath (1983) . More individuals should be examined for confirming the chromosomal evolution.
Japanese Scleria is classified into 2 sections, Elatae and Tessellatae, by Ohwi (1944) . In his classification, the rhizomes, inflorescences, and ornament of achenes are considered the major character for distinguishing the section Elatae from the section Tessellatae. In section Elatae, the rhizomes are thick, partial inflorescences are large with many spikelets, and achenes are nearly smooth. However, in section Tessellatae, the rhizomes are absent, partial inflorescences are small with few spikelets, and achenes are reticulate. Scleria levis and S. terrestris belong to section Elatae, while S. parvula and S. mikawana belong to section Tessellatae. In this study, the species of the section Elatae had high chromosome numbers, 2nϭ48, while the section Tessellatae had low chromosome numbers, 2nϭ20 and 30. Our karyomorphological results support taxonomical treatment of two sections by Ohwi (1944) . Our results show also that the rhizomes, inflorescences, and ornament of achenes are important characters for separating these 2 sections.
Nijalingappa and Leela Bai (1990) recognized the following 2 major groups in the genus Scleria based on the chromosome observations; (1) ploidy series on the basic number xϭ5 (2nϭ10, 20, and 100) and (2) ploidy series on the basic number xϭ7 (2nϭ28 and 112). They reported that polyploidy may have played an important role of the speciation in the genus Scleria. Our results suggest that the ancestor of section Tessellatae is postulated to have a basic chromosome number of xϭ5. High chromosome numbers of section Elatae (2nϭ48) might have arisen by polyploidy of low chromosome numbers because chromosome sizes were almost equal in both. Hoshino (1981) reported that when the chromosome number increases by agmatoploidy (fragmentation) in the genus Carex, both the lengths and widths of all chromosomes tend to become smaller. Yano and Hoshino (2005, 2006) reported that when the chromosome number increases by polyploidy or chromosome duplication in the genera Eleocharis and Schoenoplectus, both the lengths and widths of all chromosomes tend to become almost equal. Our karyomorphological data show the chromosomal evo-lution in the genus Scleria with diffuse centromeric chromosomes may have been caused by polyploidy rather than aneuploidy. Future studies should include examining more samples and phylogeny based on DNA sequences data in order to understand the phylogenetics and chromosome evolution of the genus Scleria. 
